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Introduction {#sec001}
============

Tick-borne encephalitis (TBE) is transmitted by ticks carrying the tick-borne encephalitis virus (TBEV), which invades the central nervous system and causes serious morbidity. There is no antiviral therapy for TBE and so induction of active immunity is the main preventive measure\[[@pone.0226712.ref001], [@pone.0226712.ref002]\].TBEV is distributed widely in Europe and Asia and is endemic to 27 European countries and at least four Asian countries; 10,000--12,000 cases of TBE occur annually worldwide\[[@pone.0226712.ref003], [@pone.0226712.ref004]\].

TBEV is a member of the genus *Flavivirus*, family *Flaviviridae* and has a genome of approximately 11 kb\[[@pone.0226712.ref005]\]. TBEV is classified into the European (TBEV-Eu), Siberian (TBEV-Sib), and Far Eastern (TBEV-FE) subtypes^\[^[@pone.0226712.ref001]^\]^. Recently, the new subtypes Baikalian (TBEV-Bkl), which diverged from TBEV-Sib, has been proposed\[[@pone.0226712.ref006]\] and Himalayan (Him-TBEV) subtype has been identified in wild rodents\[[@pone.0226712.ref007]\].TBEV-Eu is predominantly found in Europe; TBEV-Sib in Siberia, the Baltic, and northern Finland; and TBEV-FE in east Asia\[[@pone.0226712.ref008]\].

The distribution of TBE in China is closely related to the distribution of its tick vectors\[[@pone.0226712.ref009]\]. Since its discovery in 1942, TBE cases have occurred mainly in the endemic regions in northeast China\[[@pone.0226712.ref010]--[@pone.0226712.ref012]\]. TBEV-FE is endemic in northern China and is transmitted by *Ixodes persulcatus*\[[@pone.0226712.ref011], [@pone.0226712.ref013], [@pone.0226712.ref014]\]. Forest areas in DaXingAnLing, XiaoXingAnLing, and ChangBaiShan are the typical TBE epidemic areas of northeast China. Moreover, TBE is intermittently reported in Xinjiang, where TBEV has been detected. Yunnan and Tibet provinces may also be a natural focus based on serology data\[[@pone.0226712.ref012], [@pone.0226712.ref015], [@pone.0226712.ref016]\].

Since it is not a notifiable infectious disease in China, surveillance of TBE has been lacking. Therefore, we carried out an epidemiological analysis of TBE in China using cases reported from China Information System for Diseases Control and Prevention over the past decade.

Materials and methods {#sec002}
=====================

1. Ethics statement {#sec003}
-------------------

The ethical approval of this study was determined by the Chinese Center for Disease Control and Prevention, that the collection of data from TBE cases was part of continuing public health surveillance of an infectious disease and was exempt from institutional review board assessment.

2. Case definition {#sec004}
------------------

According to the national guidelines, the diagnostic criteria for a clinically- diagnosed TBE case is based on the presence of clinical symptoms (such as acute fever, headache, vomiting, and/or typical central nervous system symptoms) in connection with exposure to forest during spring or summer, or a history of tick bite. A laboratory-confirmed TBE case is defined as the presence of increased anti-TBEV IgM and IgG levels, an at least fourfold increase in the level of anti-TBE antibody between acute and convalescent serum samples, or a positive result for TBEV RNA by PCR\[[@pone.0226712.ref008], [@pone.0226712.ref017]\].

3. Data collection and management {#sec005}
---------------------------------

Although TBE is not a notifiable disease, clinical TBE cases diagnosed at medical institutions have been reported to the Chinese Information System for Diseases Control and Prevention (CISDCP) by the majority of provinces since 2002. The reported numbers of TBE cases and demographic information (such as age and gender) were obtained from CISDCP from January 2007 to December 2018. We divided the study area into DaXingAnLing, XiaoXingAnLing, ChangBaiShan, and other regions based on the geographic characteristics. Using the national land use data (grid) of 2015, we extracted areas of forest land, shrub forest, sparse forest land, and other forest land, and superimposed it on the national DEM data (raster data). We extracted areas of altitude ≥ 500 m and areas of forest land with mountainous terrain and overlaid them on a map of the county-level jurisdictional boundary in the northeast region. The counties with high forest coverage were extracted as the rough boundary of these three regions.

4. Epidemiological characteristics {#sec006}
----------------------------------

The annual incidence and mortality, the cumulative number of cases from 2007 to 2018, and the epidemic trend and seasonal characteristics of TBE were analyzed using Microsoft Excel™ 2008, SPSS (v. 24.0, IBM Crop, Armonk, NY), and ArcGIS (v. 10.0, ESRI, Redlands, CA) software (Figs [1](#pone.0226712.g001){ref-type="fig"}, [2](#pone.0226712.g002){ref-type="fig"}, [3](#pone.0226712.g003){ref-type="fig"}, [4](#pone.0226712.g004){ref-type="fig"}, [5](#pone.0226712.g005){ref-type="fig"} and [6](#pone.0226712.g006){ref-type="fig"} and [S1 Table](#pone.0226712.s001){ref-type="supplementary-material"}). A value of *P* \< 0.05 by chi squared test was taken to indicate statistical significance.

![Annual number of cases and incidence of TBE from 2007 to 2018.\
Bars, annual TBE cases; red curve, annual incidence of all regions; green curve, annual incidence of DaXingAnLing; blue curve, annual incidence of XiaoXingAnLing; yellow curve, annual incidence of ChangBaiShan.](pone.0226712.g001){#pone.0226712.g001}

![TBE case distribution on a topographic map.\
Red, endemic areas of TBE, concentrated in northeast China; blue circles, number of cases; background color, altitude. TBE cases were mainly distributed in northeast China at altitude \> 500 m, including in DaXingAnLing, XiaoXingAnLing, and ChangBaiShan.](pone.0226712.g002){#pone.0226712.g002}

![Gender and age distribution of TBE cases from 2007 to 2018.\
TBE cases by age group and gender. Black curve, total cases; blue curve, male cases; red curve, female cases. (A) TBE cases by age group and gender in all regions(B) in DaXingAnLing, (C) in XiaoXingAnLing, (D) in ChangBaiShan. (E) and in other regions.](pone.0226712.g003){#pone.0226712.g003}

![Occupations of TBE cases from 2007 and 2018.\
Annual variation in occupations (A) in all regions, (B) in DaXingAnLing, (C) in XiaoXingAnLing, (D) in ChangBaiShan, (E) and in other regions.](pone.0226712.g004){#pone.0226712.g004}

![Monthly distribution of TBE cases from 2007 to 2018.\
(A) in all regions, (B) in DaXingAnLing, (C) in XiaoXingAnLing, (D) in ChangBaiShan, (E) and in other regions.](pone.0226712.g005){#pone.0226712.g005}

![Case reports of TBE from 2007 to 2018.\
(A) Laboratory confirmed rate. Bars, light grey and dark grey, clinically confirmed cases and laboratory confirmed cases; red curve, annual laboratory confirmed rate of all regions; green curve, annual laboratory confirmed rate of DaXingAnLing; blue curve, annual laboratory confirmed rate of XiaoXingAnLing; yellow curve, annual laboratory confirmed rate of ChangBaiShan.(B) Distribution of hospitalized cases. Blue dot, case; cross, hospital; green line, route from the residence of a case to the hospital.](pone.0226712.g006){#pone.0226712.g006}

Results {#sec007}
=======

1. Incidence of TBE {#sec008}
-------------------

From 2007 to 2018, 3364 cases were reported with 19 deaths in China, for an annual incidence in all regions of 0.09 to 0.44/100,000. The annual incidence of DaXingAnLing, XiaoXingAnLing and ChangBaiShan was from 0.84 to 5.20/100,000, 0.12 to 0.84/100,000 and 0.04 to 0.39/100,000, respectively ([Fig 1](#pone.0226712.g001){ref-type="fig"}).

2. Geographic distribution of TBE {#sec009}
---------------------------------

TBE cases were mainly distributed in the DaXingAnLing (1,413, 41.94%), XiaoXingAnLing (293, 8.70%), and ChangBaiShan (1,319, 39.21%) regions of northeast China. These regions have an altitude of \> 500 m. Only 10.08% (339 cases) of the TBE cases occurred at altitude of \< 500 m ([S1 Table](#pone.0226712.s001){ref-type="supplementary-material"} and [Fig 2](#pone.0226712.g002){ref-type="fig"}). Cases were primarily male, the male percentage of TBE cases in DaXingAnLing, XiaoXingAnLing, and ChangBaiShan were 71.34%, 63.48%, and 63.45%, respectively. TBE cases peaked in the 40--49-year age group. The median age of the TBE cases in ChangBaiShan, DaXingAnLing, and XiaoXingAnLing was 49, 44, and 46 years, respectively ([S1 Table](#pone.0226712.s001){ref-type="supplementary-material"} and [Fig 3A](#pone.0226712.g003){ref-type="fig"}). In DaXingAnLing, XiaoXingAnLing, and the other regions, TBE cases peaked in the 40--49 years of age in both male and female groups ([Fig 3B, 3C and 3E](#pone.0226712.g003){ref-type="fig"}). In ChangBaiShan, TBE cases peaked in females and males with 50--59 and 40--49-year age groups, respectively ([Fig 3D](#pone.0226712.g003){ref-type="fig"}).

3. Occupational distribution of TBE {#sec010}
-----------------------------------

Farmers (34.80%), domestic workers (24.46%), and forestry workers (18.16%) accounted for the top three of TBE cases from 2007 to 2018 ([S1 Table](#pone.0226712.s001){ref-type="supplementary-material"} and [Fig 4A](#pone.0226712.g004){ref-type="fig"}). In 2011, a large number of TBE cases in DaXingAnLing were of unknown occupation. The number of domestic workers in DaXingAnLing increased from 2011 to a peak in 2016 ([Fig 4B](#pone.0226712.g004){ref-type="fig"}). In XiaoXingAnLing occupational morbidity was stable and relatively low (with minor fluctuations from 2009 to 2011), except for domestic workers ([Fig 4C](#pone.0226712.g004){ref-type="fig"}). Farmers comprised the largest proportion of TBE cases in ChangBaiShan ([S1 Table](#pone.0226712.s001){ref-type="supplementary-material"} and [Fig 4D](#pone.0226712.g004){ref-type="fig"}). The distribution of the above three occupations varied among the regions (chi-squared test, *P* \< 0.001). In DaXingAnLing and XiaoXingAnLing, the majority of TBE cases were found among domestic workers (32.13% and 41.98%, respectively), but the majority were farmers in ChangBaiShan (65.35%; [S1 Table](#pone.0226712.s001){ref-type="supplementary-material"}).

4. Monthly distribution of TBE {#sec011}
------------------------------

From 2007 to 2018, TBE cases were concentrated from April to August; the peak month in most years was June, but it was May in 2017 and 2018, in all regions and in the individual regions ([Fig 5A](#pone.0226712.g005){ref-type="fig"}). The number of TBE cases increased in June of 2011 in DaXingAnLing, and significantly increased in May and June of 2010 and 2011 in ChangBaiShan ([Fig 5B and 5D](#pone.0226712.g005){ref-type="fig"}). In XiaoXingAnLing, the number of TBE cases fluctuated obviously in 2007, 2008, 2010, and 2011 ([Fig 5C](#pone.0226712.g005){ref-type="fig"}).

5. Case reports {#sec012}
---------------

The national laboratory confirmed rate of TBE was 13.48% and 8.40% in 2007 and 2008, and sharply increased from 2009 with 59.01% to a peak in 2011 with 67.98%, mainly due to the increase in DaXingAnLing (84.14%, 1,189/1,413) ([Fig 6A](#pone.0226712.g006){ref-type="fig"}). The laboratory confirmed rate in DaXingAnLing was 84.14% (1,189/1,413). In DaXingAnLing, cases were mainly confirmed by Inner Mongolia Forestry General Hospital. During 2007 to 2018, a total of 1518 cases (45.42% of the national total) were reported by this hospital, with the laboratory confirmed rate of 88.01% (1,336/1,518). In XiaoXingAnLing, the laboratory confirmed rate was 13.99% (41/293). In ChangBaiShan, the laboratory confirmed rate was 11.37% (150/1,319), a total of 659 cases were reported in the Mudanjiang Forestry Center Hospital, at which laboratory confirmed rate was 19.12% (126/659) ([S1 Table](#pone.0226712.s001){ref-type="supplementary-material"} and [Fig 6B](#pone.0226712.g006){ref-type="fig"}).

Discussion {#sec013}
==========

The annual incidence of TBE in 2007 to 2018 was from 0.09 to 0.44/100,000. TBE cases were mainly distributed in northeast China, in DaXingAnLing and ChangBaiShan. TBE occurred from April to August, with a peak in May or June. TBE cases were predominantly found in men, 40--49 years of age, who worked as farmers, domestic workers, and forestry workers. The laboratory confirmed rate of TBE cases in all regions were less than 14% in 2007 and 2008 and sharply increased after 2009, mainly due to the increase in DaXingAnLing, 45.42% (1,518/3,364) of the TBE cases in all regions and 84.14% (1,189/1,413) of the DaXingAnLing TBE cases were reported in Inner Mongolia Forestry General Hospital.

TBE is an emerging health threat that is spreading in many parts of Europe and eastern Asia\[[@pone.0226712.ref018]\]. The main endemic regions of TBE in China are DaXingAnLing, XiaoXingAnLing and ChangBaiShan\[[@pone.0226712.ref015]\]. ChangBaiShan (altitude \> 1,000 m) is cold and humid. The main vector of TBEV is *I*. *persulcatus*. The extensively forested XiaoXingAnLing (altitude 400--600 m) also has a cold and humid climate. These two areas have theropencedrymion vegetation comprising *Pinus koraiensis*, *Abies nephrolepis*, and *Picea jezoen*. In DaXingAnLing, a forest region of 100,000 km^2^ with a cold and humid climate, the forest vegetation comprises *Larix grnelinii* as well as the theropencedrymion. Compared to ChangBaiShan, *I*. *persulcatus* is less prevalent in DaXingAnLing; however, it is the dominant tick species (70% of the total)\[[@pone.0226712.ref012], [@pone.0226712.ref017]\]. Vegetation can provide a suitable living environment for ticks. The tick density is dependent on the type and structure of the forest; it is highest in mixed and deciduous forests\[[@pone.0226712.ref019]\]. In addition, some areas of China in which no cases have been reported are potential TBE regions\[[@pone.0226712.ref012]\], and so continual monitoring of TBEV is needed.

The high-risk groups for TBE are forestry workers and those engaged in outdoor agricultural work, who are predominantly male. However, domestic workers are also affected by TBE. In DaXingAnLing, the number of domestic workers increased from 2011 to 2016, possible due to increased participation in outdoor activities (*e*.*g*., hiking, biking, and mushroom picking)\[[@pone.0226712.ref020]\]. Outdoor activities involve contact with nature, especially with grass, bushes, and shrubbery, which increases the risk of tick bites and of contracting an infection \[[@pone.0226712.ref021]\]. Further study should focus on investigating the rate of vaccination in these areas, and the populations of affected areas should insist on vaccination.

The incidence of TBE peaked from April to August and the peak months were May and June, as reported previously\[[@pone.0226712.ref019]\]. In Europe, most TBE cases occur from June to September\[[@pone.0226712.ref015], [@pone.0226712.ref022]\]. The incidence of TBE usually peaks 2 weeks after the peak tick activity, which occurs in May. During June and July, when the average diurnal temperature reach 20°C, the density of ticks decreases and cases are rare after September\[[@pone.0226712.ref012], [@pone.0226712.ref015]\].

The laboratory confirmed rate of TBE cases in China sharply increased after 2009 and hospitalized cases were concentrated in Inner Mongolia Forestry General Hospital. Founded in 1956, Inner Mongolia Forestry General Hospital is the most northerly general hospital in China and is located in Hulunbuir grassland at the DaXingAnLing intersection of Yakeshi City, of which diagnosis, treatment and research of TBE and Lyme disease are at an advanced level in China.

As TBE is not a notifiable infectious disease in China, its incidence is likely to be under-reported. The disease system is based on discharge diagnosis without follow-up, death after discharge is not included, and the mortality seemed to be lower than expected. In addition, 33 emerging tick-borne agents have been identified in mainland China\[[@pone.0226712.ref023], [@pone.0226712.ref024]\]. Routine surveillance for tick borne diseases in China led to the identification of a patient from the town of Alongshan who had a febrile illness with an unknown cause, and found to be a new segmented and likely tick-borne virus, ALSV, has clinical manifestations similar to TBEV infection\[[@pone.0226712.ref025]\]. Thus, laboratory confirmation of clinically suspected cases is needed to better understand the incidence and disease burden of TBE in China. And also, enhanced vector-based and hospital-based sentinel TBE surveillance, and a vaccination program are needed to improve the laboratory confirmed rate and reduce the incidence and disease burden of TBE in China.

Conclusion {#sec014}
==========

We report here the epidemic characteristics of TBE according to the distribution of its natural region. The overall TBE notification rate remained stable from 2007 to 2018. In China, TBE is mainly distributed in DaXingAnLing and ChangBaiShan and was concentrated by Inner Mongolia Forestry General Hospital. Intensified hospital surveillance and promotion of TBE vaccination are needed to improve the laboratory confirmed rate and reduce the incidence and distribution of TBE in northeast China.
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